Fer unmked Troubleshooting 
MOST AR—TRAXAR School 


PURPOSE: To familarize the technician with the 
Motorola MOSTAR, Trunking Systems, and Basic 
Troubleshooting on MOSTAR radios, including a 
hands-on troubleshoaating session. 
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CHANNEL REQUEST TIMING DIAGRAM OSW— 84 Bit word @ 3008 
ISW- 78 Bit word @ 3600 Ba 
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MOTOROLA TRUNKED (Dispatch) 
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Mobile 1s hearing Background OSW, in sync with SMR. 

Interconnect button pressed, Interconnect [5W 15 sent. 

OSW assigns interconnect channel, channel transmitter kevs up. 
Mobile goes ta interconnect channel. 

Dial tone 16 feed ta channel, call takes place. 

Call is over, release interconnect Button. 

Mobile returns ta cantreal channel, sends an "Fhone Release” I[5W. 


Interconnect channel terminated, Ack. OSW 16 sent. 


MOTOROLA TRUNKED (Centralized Interconnec 
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NORMAL SEQUENCE OF EVENTS FOR A MOBILE 
REQUESTING A VOICE CHANNEL 


When a PTT occurs, a request for a channel (1SW) is sent to the 
control channel receiver. The ISW is decoded by the Central 
Controller which then sends an OSW grant on the outbound contro! 
channel. All mobiles hear the OSW but only those mobiles with the 
proper fleet/subfleet code plugs will move to the assigned voice 
channel as designated by the Central Controller. 


At the same time this grant is sent, a high speed word 
(handshake) 1s sent on the assigned outbound voice channel. When 
the transmitting mobile detects the handshake word it generates 
an 80 ms burst of high speed acknowledge tone (1800 hz) on the 
Inbound voice channel. When this high speed acknowledge tone is 
detected by the Central Controller, the repeater unmutes. After the 
80 ms burst of high speed acknowledge, the transmitting mobile 
switches to a sub-audible low speed connect tone for the duration 
of the transmission. The detection of this low speed connect tone 
by the Central Controller keeps the voice channel active and 
assigned to the originating fleet/subfleet. 


oimilarly, the repeater sends a sub-audible low speed word 
during the course of the message, which upon detection causes the 
receiving mobiles to unmute and hear the message. 


When the message nas been completed and the transmitting 
mobile releases PTT, a 150 ms burst of disconnect tone (163.64) 
hz) 1S sent on the inbound voice channel. When the Central 
Controller detects the disconnect tone the call is terminated after 
message timeout and a burst of disconnect code word is sent on 
the outbound voice channel before the repeater dekeys. When the 
mobiles detect the disconnect word they mute, leave the voice 
channel and return to the control channel. At this point the 
sequence begins again for the next message. 


This completes a normal transmission on a Motorola 800 Mhz 
Trunked System 
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BASIC SIGNALLING FUNCTION ON A 
HOTOROLA 800 MHZ TRUNKED SYSTEM 


MOBILE: TONES / DATA 
CONTROL CHANNEL TRANSMISSION 


A) 78 BIT WORD, 23 MS DURATION, sent 16 
times 4 sec. during retry mode. 


VOICE CHANNEL, WHEN ASSIGN 


A) Acknowledge Tone at 1800 Hz 
B) Connect tone at 105.88 Hz 

C) Disconnect tone at 163.64 Hz 
D) Normal voice transmissions 


FIXED END CENTRAL CONTR R 


CONTROL CHANNEL 


A) Background OSW , (every 3 sec. sys. ID). 

B) Outbound Signalling Word - 3600 BAUD 

C) 84 bit word in a continuous data stream. 
word consists of 76 bits of encoded data 
plus 8 bit word sync pattern 10101100 


VOICE CHANNEL 


A) High Speed Handshake - 3600 baud 

B) Connect word/Low Speed Handshake 150 baud 
C) Disconnect Word - 300 baud 

0) Failsoft Word - 150 baud 

E) Normal voice communications 

F) BSt on lowest frequency every 30 mins. 
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CHANNEL REQUEST TIMING DIAGRAM 


RADIO SWITCHES 
TO VOICE CHANNEL 


INBOUND CONTROL CHANNEL \ 
: | VOICE MESSAGE 
HIGHSPEED HANOSHAKE OWSPEED RANDSR 


OUTBOUND VOICE CHANNEL ~ 


L__VOICE MESSAGE 
Atk SON (SUB-AUDIBLE CONNECT TON 
INBOUND VOICE CHANNEL 
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GLOSSARY OF TRUNKING TERMS 


ACKNOWLEDGE TONE - 1800 Hz tone transmitted on voice channel 
by mobile initiating a call on trunked system. Also know as high 
Speed acknowledge tone. 


AUTO RETRY - Circuitry in each mobile will send up to 16 (ISW's) 
ina 4 second period of time if (OSW) is not received from the 
Central Controller. 


BACKGROUND OSW - An OSW sent by Controller to maintain work 
synchronization on an idle channel, 


BASE STATION IDENTIFIER - (BS!) Programmed into the Central 
Controller, which sends out a Morse code ID on the low frequency 
trunked repeater. This 1s software controlled and will always 
choose the lowest frequency to transmit the BSI. The code is 
generated on the TSC board. 


BUSY / CALL BACK - /f all trunked repeaters are in use, when PTT 
IS pressed, the initiated mobile receives a busy tone. When a channel 
becomes available the initiating mobiles receives a “call back” 
consists of a burst of tones. Busy tone is indicative that you reached 
the controller and it is telling the mobile the systern is busy. it 
works IN Conjunction with queueing 


CALL ALERT - An option in a Motorola trunking system which 
allows a supervisor to selectively alert another mobile like paging. 
Feature has automatic acknowledge of alert receipt by mobile. 


CODE PLUG - A PROM, EPROM, or EEPROM, which contains fleet, 
subfleet, individual unit 1D and trunking options, failsoft channel, 
talk permit, time-out timer, and connect tone frequency 
Information. 


CONNECT TONE - Tone Is usually 105.88 Hz sent by transmitting 
mobile over the assign voice or interconnect channel to the trunked 
repeater. Like PL. Other possible tones are 76.6 Hz, 85.82 Hz, 90.0 
HZ 2, VIO 1S Al eooy ne, and | 36.40 Hz. 


CONNECT WORD / LOW SPEED HANDSHAKE - Data containing 
Fleet and subfleet information sent on voice channel by central 
controller during voice message at 150 baud rate. 
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CONSOLE INTERCONNECT - An option in a Motorola trunking 
system which allows telephone interface with a subscribers 
telephone in the office accessible from the mobile. Also Known as 
MRT! phone patch. 


CONTINUOUS ASSIGNMENT UPDATING - Function of the Central 
controller. Continually sends (OSW) on control channel for the 
duration of a conversation. This insures that a mobile just coming 
into service will be sent to the correct voice channel to join his 
fleet. 


CONTROL CHANNEL - A repeater dedicated for the purpose of 
continuous data transmission used for mobile assignments, updates 
and mobile requests. Control channel assignment is under central 
controller supervision. 


J 


DISCONNECT TONE - 163.64 Hz tone generated by transmitting 
mobile after PTT is released. Tells central controller to start 
repeater drop-out. 


DISCONNECT WORD - Data transmitted on voice channel repeater 
after drop-out delay, causing mobile receiver audio *> mute and 
revert back to control channel. Also Known as low sped disconnect 
data. 


DUAL-MODE - Refers to a radio or system which will operate in 
both conventional and trunked modes within the same radio chassis. 


DYNAMIC REGROUPING - An option in a Motorola trunking system 
which allows a dispatcher or shift supervisor to change fleet or 
subfleet assignments of any mobile or portable radio or group of 
radios without any activity being required on the part of the radio 
users or service personnel. 


EMERGENCY CALL - For handling life-threatening situation, an 
emergency call capability enables the dispatcher or mobile to nave 
immediate access to a voice channel, even when the system is busy. 
It 1s Initiated by a mobile, portable or dispatcher by depressing the 
emergency call button. 
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FAILSOFT - Activated if central controller is inoperative. 
Repeaters revert to continuously keyed carrier squelch repeaters. 
Trunked mobiles revert to their code plug programmed failsoft 
repeater. Mobiles will hear a tone every 10 seconds indicating 
failsoft operation. ( 900 Hz tone of 280 msec duration every 10 
seconds. ) 


FAILSOFT WORD - 150 baud data word generated by repeater 
indicating failsoft operation. Decoded in mobile to unsquelch mobile 
receiver. 


FLEET - A basic organization or company served by a MOTOROLA 
trunked radio system. One organization or company per fleet. 


FLEET CALL - Also known as Fleet-Wide call. Used primarily for 
one-way messages. Simultaneously addresses all subfleets within a 
fleet. 


HIGH SPEED HANDSHAKE - Data transmitted on voice on voice 
channel from the Central Controller, to the mobile initiating the 
call. Contains Fleet/Subfleet and Individual |.D. information. 21 
bits of data 6 milliseconds long at 3600 baud rate. Sent 
continuously until ACK tone is received sent by mobile or time out 
period. Mobile must hear handshake before acknowleage tone is sent. 


INBOUND SIGNALLING WORD (1SW) - Data sent by unit requesting 
service on the control channel when PTT is depressed. Contains 
information about fleet, subfleet, unit ID and type of call requested. 
ISW is a 78 bit word sent in a 23 millisecond time frame at 3600 
baud. 


MESSAGE TRUNKED - The mobile units retain the same voice 
channel for the duration of their conversation if channel is not 
released. Mobile hears repeater drop out after release of PTT ina 
subfleet call. 


NEGATIVE SUBSCRIBER LIST - Provides system owner with the 
ability to delete up to 16 fleets from active service on the trunked 
system, Option in the Central Controller must be used with a 
terminal, 
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OUTBOUND SIGNALLING WORD (OSW) - Data sent by controller 
over control channel, contains fleet, subfleet, individual 1.D., and 
channel information. OSW is an 84 bit word at 3600 baud ina 
23msec. time frame and is randomly repeated during radio 
conversation to update new mobiles. 


PARMS - Option in the central controller to allow repeater drop out 
delay and other fade margins to be changed. Used with a terminal. 


PASSPORT - An option in a Motorola trunking system which provide 
telephone interconnect capability. The telephone interface 
equipment is located in the central controller at the trunking 
system site. Also known as centralized telephone interconnect. 


PERSONALITY - The specific options and features programmed into 
a radios code plug. This information is unique to each individual 
radio and system. 


PRIVACY PLUS - Motorola's name for a commercial / business 
trunking system. 


PRIVATE CONVERSATION - A feature which allows to mobiles 
within a fleet to have private voice channel from all other radios in 
the fleet an subf leet. 


PRIVATE CONVERSATION II - Same as private conversation but, 
allows mobile from one fleet to contact mobiles in another fleet in 
a private mode. 


QUEUEING - Memory in the system central controller which is used 
if the system is busy. Stores mobile information and makes system 
available to users on a first in first out basis. 


RECENT USER PRIORITY - Used as above but insures that a fleet 
engaged In a conversation will get priority system access over 
another fleet initiating a call. 


SELECTIVE INHIBIT - A feature which allows a dispatcher to 
selectively turn off or Put to sleep an individual radio in case it 
was stolen or lost. It completely disable the radio from functioning 
whatsoever. 
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SMARTNET - Motorola's name for a Public Safety Trunking system. 


SUBFLEET - A subdivision of a fleet, possibly along departmental 
lines. Example: Maintenance, Sales, Administration. Used for primary 
dispatching. 


SUBSCRIBER ACCESS CONTROL (SAC) - Option in the Central 
Controller to allow system owner to describe operation of each 
fleet, subfleet and unit 1D as to active or inactive condition as well 
as 5 ch. or 20 ch. assignment. System manager terminal required. 


SYSTEM CENTRAL CONTROLLER - The heart of the MOTOROLA 
Trunking system. It is microprocessor controlled. Receives data 
information from trunked mobiles and generates data information 
for trunked mobiles. Central also monitors and directs operation of 
trunked repeaters and telephone interconnect calls. 


SYSTEM 1.D. OSW - Sent by controller to identify itself to all 
listening mobiles. Sent out every three seconds on the control 
channel, regardless of system traffic. Contains channel frequency 
number. 


TALK PERMIT TONE - Provides the mobile operator with a brief 
Series of tones whenever he keys up a voice channel Tones are the 
same as a “callback”. It is an option programmed in tne code plug of 
the mobile. 


TALK PROHIBIT TONE - Audible tone heard cut of the mobile 
Speaker when PTT is depressed and access to the system is not 
received. Mobile is either out of range or on wrong system. Also 
known as OUT - OF - RANGE tone. A continuous tone. 


TIME OUT TIMER - Information programmed into the code plug 
providing 0, 15, 50, or 60 second mobile transmit time out. 


TRANSMISSION TRUNKED - The mobile unit does not retain the 
Same voice channel after release of PTT. Will not hear repeater drop 
out. Must go through channel request and grant sequence every time 
PTT is depressed. Fleet call and system call are Trarismission 
trunked. 


“(tee @' 7 1. Pex 7 oe J 

; : ; Gt i y Aas hd 

) i "6 a6 % . Ne 
Ts leye e pa euiy visit ai! 


y 
AN = 


Lrrgye 


isINsin wash pols tates Og, dart tor Dien ep . 
maming 0) 6g HONS WEAIMOA Pelee sonnet 


‘ i 7 
1 


~ my Ln rs 
levine) arid. aeliad > (DA2) ibaTHOD e: Neink oH) 
Yo NOlETSQe SdlnSesb os sno faieus riper we 
apidtono? sviiDen 40 evios 69.2 EO! Tau ons tye! tdue 499 HY 
ups? lenteyies “Snsrnem mojeve Jrerinptes rf 90S: 0 9B bat 
A JOBOTOM ari! 16 i1eaoaT - Wa yom MOD ers mateye | 
Jeb oyylsoent bellenuidos Wweasaemorainel 1 aeneve pinot 
Hear) at sieb 283679090 AAs ebfidon! Dosa me AgTaBHMIO TAL 
ie” >t9etth ore nesicnee ee isiine? esitdernr pada. 2?" a 
elie I39Ane 71930! snodasiey DN6-evsss er sa 3 
) ne re 
the 923! VVIned! oF selloriags ya , MeO hia mateve > 
no3 bNGI92 SHIT YIOVE Jun INES SS dom prinatathe: 2 
fanned) 2aigtaad st Hear marae te 5 colleen tanner” 
aan 2 Dae bitabies 
. a 
lace elidom sft esnivens - QUOT Ti a3q IAT’ 
VIET) SHOVE QU ewes On eVoRSIW Bane Testes: 
1k 118 OOO 8 att ‘edie’ ¢ es Se a; 
AS cy | . @iden sara 


ort onod sidibuA - JMOT TMNHON9 IAT oe 

» oft at Resco Bs O9ees4ash 2] TTS Hanh we Agsqe - 
1A Malev? PNOIW Aoww donb To JUS 26MNNS BT 6) 1G0Rt Heviege y= 

N03 auounl tod A shod SOMAR > 90. TO 'es whale 

‘ od 

Hg Shu? 943 GIN! Demmsape Aides ol Bait THO SMT 

5 9mit dimes slidom bnoder 08 40 ,C et O1 ee a 

116197 Jon 2800 Jinw 4) onT eAT ~ GINMUAT MOHeINe CMA Bs 
"69957 WS Jo (ity a i 9e a0 TOI1S en a S21 0V SINE 

Sind VISVS SORSVDSe IAG I DF ne }eSuUDS 1 leaned Apuouy OR Jeutt 
feelmmensrT $76 Tlep Aaeer oee bt 6 {iso 19979 8 aeagaano 


MOSTAR/TRAXAR RADIO TRIAGE 


This guide will assist the technician in determining the 
proper action to take with a radio. It will also help the technician 
make efficient use of time and resources available. 


1. Determine if the problem is internal or external to the 
radia. Items to check: 


&a. Make gure that the radio is enabled in the 
Subscriber Access Control. And that the unit is 
not in a Fleetwide or All call position (check 
subflee@t selector). 


b. Was the radio in a goad coverage area when the 
problem occurred. If necessary connect a test 
gat and look at Meter 1 and check signal level 
for any variations that would indicate a Signal 
fade. You can algo place the radio into the 
customer test mode and check signal strength at 
the four control channels. 


CG. Check the install for proper type of coaxial 
line, praper connectors, good power 
Camections, and proper antenna placement on 
the vehicle, or arientatian to the mountain 
Site and clear of any obstructions especially 
in law signal strength areas. Alsa check the 

OSWR of the antenna system, 


Gd. OQoserve the customer when using the system. 
The problem may be improper use of the system 
Or @xpecting to much from the system, or not on 
the correct system in a multi-site system, 


ew Follow the TRIAGE flowchart. 


oa If the problem is not apparent start checking the 
radia. Mast tests are best performed in the internal 
Cade plug frequencies. Check receiver sensitivity, 
Power Gutout, deviation, and compensation. 


4, Check that all applicable F.S.8.’s have been done to 
the radio. Alsa note any modifications on the label. 


we Check that all options work on the radio. Including the 
Touch-Code Micraphone. 
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FIRST AID DIAGNOSTICS 


RADIO PROBABLE 
SYMPTOMS CAUSE REMARKS 

1. No Tones We Not Check uF 
Na Respanse FUT a mC Clock, Fower (SV) 
Nos Tie Reget, Tickle 
Silent Radia 


ae NO Tones or Respange ue Cannot Check if Code Flug 
eo oF tah Read Code not in / Socket ior 
(Clicking Heard Flug Shorted leads 
in Speaker 
NOTE: Code Flug power is strobed an only when 
reading data. Check that Q16@9 is goad, and 
that the code plug is enabled. 


o. Can't access system, NO Fower out, Enter test mode 
ISW’s Attempted Repeatedly Bad Antenna ar and key radio 
for weubl) 46 Secl mart tev Weak Fower Supply inte load check 
we ae Power Output 


4, Can't Access system, Central Cantroller Check if OSW’s 
No [SW’'s sent. data not received. IIs 
Valid, no receive radia scanning 
sensitivity, oar (check steering 
Synthesizer nok line or bypass 
Loc: bk: cd audia mute gates) 


we Multiple TSW’s sent and Marginal Fath, Check Antenna 
Qutr-af-Range heard Poor receiver Orientation, 
followed by a Go-Ahead Sensituavity, or Recel ver 
tone with channel grant TSW sent during Sensitivity, ar 
(Broken Vailce Message) the disconnect Interference. 
word. 


& Channel Grant but no Center Slicer Check CRIG6@1 %& 
Tredk. Time-outy Tat. prabl em cor Cen oOcmand Ol62/7 
(Repeater Tail) Transmissian oe Be an at oe | 

Trunking im Fl@etwide 
Cred 1 
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Most complaints by customers are actually several problems, 
some might not even relate to why you were call out, Always start with 
the easiest and most obvious problems. 


Usually if a problem is in the SMR system more than one 
customer will complain about it. 


Other people can be heard on a customer fleet. Caused by 
fades, 12.5 KHz offset interference, Gut-of-area mobiles, co-channel 
users (SMR’s), intermod at the site, and the system in failsaft. 


On Control Stations check the microphone gain level. ALWAYS 
turn the gain down, they come set at a arbitrary level and have to be 
reset when cannected to a MOSTAR/TRAXAR radia. 


Use the proper parts in the radio (don’t use 1/4 Watt 
resistors in place of chip resistors). And use the proper tools on the 
radia (TORX Drivers instead of scre@wdrivers). 


When doing a FROM Change make sure that the serial number on 
the FROM matches the radio. Also return the old FROM to Motorola, 
Don’t keep it around or it might make its way back into the customers 
radi. 


Make sure that all screws that come out of the radios get back 
into the radio and at the proper torque (8 IN./LBS.) Also make sure 
the radio is equipped with a stand-off (43-80208r01). 


Make use of the Switch Stops found on the Site and Subfleet 
Selector Switches. Only let the customer have access to the number of 
Sites or Subfleet in use. 


When putting back the front panel make sure that the L.E.D. ’s 
(Fower Indication, Transmit Indicator, and Call Alert Indicator) are 
aliqned so that they are visible to the customer. 


Replace all Locking Trunnion Mounts CHLN4S426A) with 
Non=Locking Trunmian Mounts (HLN44 274). The locking trunnion maunt i1¢ 
a %g amplifier. If the vehicle takes a lg jar the radio will 
axperience a Sg shack. 

The radio is limited to 3 Watts of audio power. If the 
customer complains that it is not loud enough install a ax tarrial 
apeaker (HLN4&5948). Alsa can be used if acoustical regeneration i4 a 
problem. 


REMEMBER! ! Use a static control work station when working on 
the radio. Alsa wear your wriststraps. IF YOU DON’T HAVE ONE DON'T 
WORK ON THE RADIO!! Infarm your management that you need this ta were fe 
station to work om the radio. Also use anti-static tools (Soldering 
trons, Solder Suckers, Ect...) 
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MICRCFROCESSOR (MC68QQ) 

The Micro Processing Unit (MPU) is a combination of several 
‘parts’ interconnected in such a way to permit certian logical 
operations to be performed. 

xternally every MPU is comprised of threes major sections: 


The Address Bus 
The Data Bus 
Status and Control Sectian 


The sixteen lines of the address bus are a set of sutputs 
from the MFU to the rest of the system that allow the MFU to define 
and access memory locations or periphal devices. 

The eight lines of the data bus can be either inputs or 
cutputs and are used to bring data and instructions in and out of 
the MPU. This is a ‘bi-directional’ bus, meaning that data can flow 
either direction on this bus. 

The status and control section varies considerably depending 
upon the features of the MFU. When troubleshooting this section, 
what prevents the MPU from working is far more important than 
knowing sxactly how or when parts of the status and control sectian 
are exercised during normal operation. 

Three of the most important lines are: 


The "E" line (Phase 2 of the system clock)- When the "E"” 
line is low, the status cf the address and data busses are valid. 
This means that all transitions have finished and that the 
information is good. 


The FEAD/WRITE line- When this line is high the MFU reads 
information into it’s internal registers from the data bus. When the 
R/W line is low, the MFU is writing data cut to the rest of ths 
system. The F/W line acts with the address decsodears and other 
hardware to insure that "talkers" and "listeners" in the system 


don’t try to take control of the dats bus at the same time. 

The FESET line- When the reset line is driven "lew" and 
released, the MFU clears all registers and fatches an address from 
memery locations =FFFE and #FFFF. It takes two memory locations to 
store an address because each location only cetsins eight bits of 
data while a complete address requires sixteen 51ts. The address 
"fetched" ate reset contains the start af a short softwares routins 
known as a cotetrap” program that initializes the system and gets 
it up and flying. A reset also occurs during pcwer-up. The memory 
lecation that the MFU accesses after reset is krcown as the "RESET 


VECTOR". Other vectors are locations in memory that the MPU aiways 
seeks after certain interruptions cccur to the system. Specific 
locations are built into the MPU and are referred to as “INTERRUPT 
Weta ORS“: 

The problem of interrupting the processor while it is ina 
program, and the subsequent problem of distinguishing between many 
external interrupting devices, is simplified by the availability of 
four different interrupt pins on the é6860@. Each of these serves a 
different function in changing the course of the operation. 

Further,it is possible to have the 68@@ poll each exteral 
device ina daisy chain to determine which cne effected ths 
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interrupt. In the 6809 they work as follows: 


NMI (Non Maskable Intersupt)- When this line gose low for at 
least one clock cycle the MFU absolutely stops what it is doing and 
goes to the "NMI VECTOR" address, where the software routine 
processes where this type of interrupt was orginated. 


FIRQ (Fast Interrupt Re@uest)- When this line is asserted 
low the MPU stops and and goes to the "FIR@ VECTCR" address, where 
the software routine processes where this type of interrupt was 
Orudinaced, UF ANDsGNEY ele bites een in the lcongvtionalrcode register 
is cleared. This bit is controlled by software and allows the 
programmer to "lock-out" the interrupt in cases where the program 
needs to complete a routine before procesding with the interrupt. 


IR@ (Interrupt Re@uest)—- This line works almost the same as 
the FIR@ except that the MFU stores everything pertaining to the 
current executing instructions before processing the interrupt. FIR 
only stores two registers. This means that an IR@ takes longer tc 
process, but is easier to return from after the process 15 
completed. Like FIRQ, the IR@ can also be masked by software. The 
corresponding bit in the condition code register to do this is the 
ie til tis 

Internally the 4580 series bus system is completely 
Tri-state, with inputs for causing the bus to switch into a 
high-impedance state, or for enabling it at the proper time. 

The flexability of the interface needs of the 6800 is most 
likely due to its clase resemblance to the ‘Unibus’ concept, where 
all the various peripheral device share the bus. Each device on the 
DuS is treated by the MFU as a valid memory address. Therefore, all 
the memory reference instructions of the 68@@ are also used for 
communicating with peripherals and remote devices. Such a 
straightforward approach relaxes the interface -equirements for both 
software and hardware designers. 

Other lines that will make a MFU hang-up are: 


HALT- @ line which, if asserted, causes the MFU to stop 
everything after the current instructicns. The clock and "E" lines 
continue to run but no further instructions will be executed until 
the HALT Lins is released. 


DMA/BREQ (Direct Menory Access/Eus REG@uest)—-— This line is 
intended to give other devices direct access to address and data 
busses, useful when multipl=e-processors share common system memary. 


Fxactly how and when this line is used can be complex but again, a 
"low" on this line will cause the MFU to stop processing. 


RESET- If asserted, RESET stoops everything. Almost all 
systems have a simple program-driven circuit to automatically reset 
the system if software becomes "lost" due to transients or other 
phenomencn, Called a "desadman reset" this is a good place to look if 
the reset line is stuck low. 


*NOTE* The 65@2 is software compatible with the 6800, and, 
xcept for a few instructions, the programs developed for 6802 
systems run on a 6502 chip. There are a few hardware differences, 
including the lack of three-state buses and the inclusion of a 
On-chip clock., 
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BLOCK DIAGRAM PIN/PACKAGE CONFIGURATION 


RESS BUS WY 


INCREMENT / DEC REMENT 


Instructor 


Register PC (% + (8) 


SP (8) + (8) 
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STATUS (8) 
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DATA BUS LY 
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Internal Three- State Control 


Figure 3. MC6809 Microprocessor Block Diagram 
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READ ONLY MEMORY (ROM) 

PROGRAMMABLE READ ONLY MEMORY (FROM) 

ERASABLE PROSRAMMABLE READ ONLY MEMORY (EPROM) 

FLECTRICALLY ERASABLE FPROGRAMMABLE READ ONLY MEMORY ‘“EEFROM) 


This type of memory is the source of information, it cannot 
be used by the program to store any data. 


ROM-— When using ROM, the user must specify to the 
manufacture exactly what he desires in this memory. This 
information can be read as many times as nseded, and the RGM does 
not require that power be supplied continuously in order that the 
information be retained (non-volatile). Example: A DFL code plug. 


$6830 


1024 X 8 
READ ONLY MEMORY 


Organized as 1024-Bytes of 8 Bits Single 5-Volt Power Supply 
Static Operation TTL Compatible Input/Output 
Three-State Data Output Maximum Access Time = 575 ns 
Four Chip Enable Inputs (Mask Programmable) 


FROM- Much like ROM, except that it can be programmed by the 
user in the field. The FROM chips come blank (ncon-programmed) and 
then be blown (programmed) by using a FROM programmer. Example: A 


Syntor code plug. 


N82S23/123-B,F * S82S23/123-F 


PIN CONFIGURATION 
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EFROM- Like a FROM, it can be propgrammed in the field, but 
is erasable by exposure to ultra-violet light, 
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MOS EPROMs 


MM2716 16,384-Bit (2048 x 8) UV Erasable PROM 


General Description 


The MM2716 is a high speed 16k UV erasable and 
electrically reprogrammable EPROM ideally suited for 
applications’ where fast turn-around and pattern ex- 
perimentation are important requirements. 


The MM2716 is packeged in a 24-pin dual-in-line pack- 
age with transparent lid. The transparent lid allows 
the user to expose the chip to ultraviolet light to erase 
the bit pattern. A new pattern can then be written into 
the device by following the programming procedure. 


This EPROM is fabricatéd with the reliable, high volume, 
time proven, N-channel silicon gate technology. 


Features 


® 2048 x 8 organization 

& 525 mW max active power, 132 mW max standby 
‘power 

& Low power during programming 


® Access time—MM2716, 450 ns; MM2716-1, 350 ns; 
MM2716-2, 390 ns 


® Single 5V power supply 
® Static—no clocks required 


®@ Inputs and outputs TTL compatible during both 
read and program modes 


® TRI-STATE® output 


Block and Connection Diagrams * 


DATA OUTPUTS (PROGRAM IMPUTS) 
Og-07 (08-07) 


Pin Connection During Read or Program 


Dusl-in-Line Package 


—— vrs sv 
== VCC + Sv 
—— vs eno 


TOP view 
Order Number MM27160, MM27160-1 
or MM27160-2 
See NS Package J24CQ 
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PIN NAME/NUMBER EieiNerhes 
A0—A10 Address Inputs 
vPP | vCCc OUTPUTS 
iS fe] | rec rere a ates 
LIL Ue ili bi aot ADE Ko CE/PGM (E/P) Chip Enable/Program 
VIL OOUT OE (G) Output Enable 
Pulsed VIL | VIH DIN VPP Read 5V, Program 25V 
to VIH vcc Power (5V) 
vss Ground 
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RANDOM ACCESS MEMORY (RAM) 


The term random—-access means that any byte can 


without having 
only drawback 
means that 
is lost. When 
unknown. 


to go through 
of RAM is that We 


There are two basic rorms of 


STATIC RAM- 
are combined to form 
that current be 
Static RAM will draw 
time. 


more current, 


National 
Semiconductor 


MM2114, MM2114L Family 


4096-Bit (1024 x 4) Static RAM 


General Description 


The MM2114 family of 1024-word by 4-bit static ran- 
dom access memories is fabricated using N-channel 
silicon-gate technology. All internal circuits are fully 
static and therefore require no clocks of refreshing 
for operation. The data is read out nondestructively 
and has the same polarity as the input data. Common 
input/output pins are provided. 


The separate chip select input (CS) allows easy memory 


if power is removed from 
the power 15 returned, 


This memory consist of a series of 
a byte of information. 
flowing through them at all 


be accessed, 
all the other bytes to get to it. The 
is a volatile form of memory- THis 


the chip, all the memory content 
the contents cf memory Willi 5e 
RAM memory: Static and Dynamic. 


latches that 
These latches require 


times. This means that 
but will have 4 faster access 
NMOS RAMs 


MM2114-3 


s 


Features 


s All inputs and outputs directly TTL compatible 

@ Static operation—no clocks or refreshing required 
s Low power—225 mW typical 

@ High speed—down to 200 ns access time 

a TRI-STATE® output for bus interface 

8 Common Data In and Data Out pins 

@ Single SV supply 

@ Standard 18-pin dual-in-line package 


expansion by OR-tying individual devices to a data bus. 


Connection Diagram 


Dual-in-Line Package 


TOP VIEW 


Order Number MM21 14J-25L, MM2114J-25, 
MM2114J-2L, M21 143-2, MM2114J, MM2114J-L, 
MM2114J-3L or M21 14)-3 
See NS Package J18A 


Order Number MM21 14N-2L, MM2114N-2, 
MM2114N, MM2114N-L, MM2114N-3L 
or MM2114N-3 
See NS Package N18A 


Logic Symbol 


Not Selected 
Write 1 
Write 0 
Read 
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DYNAMIC RAM- This memory consist of MOS Rien loos ‘that are 
combined to form a byte of information. The "state" of these 
flip-flops are determined by the charge stored in them. This means 
that approximately every 2 ms. the mamory has to be “recharged”. 
This makes the MPU to stop executing and charge the memory, which 
makes is a slower type of memory. Dynamic RAM has a low power 


comsuption. 


MOS RAMs 


MM4262/MM5262 2048-bit fully decoded 
dynamic random access read/write memory 


general description 


The MM4262/MMS5262 is a fully decoded 2048 8 Low power MM4262 MMS5262 
word by 1 bit dynamic read/write random access Operating 360 mW (max) 400 mW (max) 
memory fabricated using National Semiconductor's Standby 2.5 mW (max) 2.5 mW (max) 


Proprietary silicon gate low threshold technology. ® Power supplies +5.0V, +8.5V, -15V 


All inputs except the clocks are TTL compatible. 
The output provides a current pulse allowing 
a large number of devices to be bussed together 
without compromising system performance due 
to capacitive loading. The current pulse output 
is converted to TTL levels by means of a sense 
amplifier. 


features 


MM4262 MM5262 
® Fast accesstime 470ns(max) 365ns (max) 
@ Fast cycle time 

Short Read 565 ns (min) 475 ns (min) 
Read/Write 750 ns (min) 635 ns (min) 
Write 750 ns (min) 635 ns (min) 
@ Refresh cycle 1.0 ms 2.0 ms 


block and connection diagrams 


8 Low overhead Fully decoded with internal 
circuits memory address register 
® System oriented design 
Bipolar compatible except for clocks 
Current sense output 
Chip Select for easy memory expansion 
® Package 22 pin DIP (Cavity and Molded) 
® Device protection All inputs and outputs 
Protected against static charge 


applications 

® Core memory replacement 

& Mainframe memory 

® Buffer storage 

® Non-volatile memory using battery back up 


Oual-In-Line Package 


‘es 
CLOCK 1 le,) 
CLOCK Jia) 


CLOCK 2 ty) 


2 


Y ageness 
(oe 


recommended interface circuits 


CLOCK DRIVERS: MHOO026 


SENSE AMPLIFIERS: LM167 
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PERIPHERALS— 
TALKING TO THE REST OF THE WORLD 


SNS4LS/74LS244 


BUFFER 


74LS373 


Figure 15. Buffer and Latch 


Peripherals have it hard. Not only do they communicate 
with everything outside the system, they have to resist 
transients, incorrect voltages, and, of course, as we 
mentioned earlier, the worst villian of all. . . lightning. 


Fortunately, locating potential peripheral problems is 
best done symptomatically — see what the system fails to 
do and check the corresponding peripheral IC; assuming, 
of course, the system does most everything else it's 
supposed to. 


They come in all different shapes and sizes, probably 
with more diversity than MPUs. Beginning with simple buf- 
fers and latches, families go on to include specialized 
Peripheral Interface Adapters, or PIAs, Timers, Communi- 
cations ICs, and a host of others; matched, in the case of 
complex functions, to the MPU they support. 


The most rudimentary Peripherals are buffers and 
latches, simple devices that isolate the MPU data bus and 
bring information in and out of the system during periods 
which are convenient for the MPU. Within MPU systems: 


Buffers bring outside data into the MPU data bus, 
and latches take data from the MPU and make it avail- 
able outside the system — Buffers are inputs, latches 
are outputs. 

Refer to Figure 15: 


Both buffers and latches can be thought of as extentions 
of the MPU data bus. In the case of a buffer, when selected, 
logic levels appearing at it’s inputs (the outside world) are 
transferred to the MPU. A latch, on the other hand, when 
selected, takes whatever appears from the MPU and 
latches, or holds it, for something outside the system. Once 
the MPU accesses and drives a latch, the data “sticks” and 
the MPU can go on to do other things. Remember, in keep- 
ing with correct bus control, both buffers and latches only 
transfer data when addressed. 


Important: The Read/Write line is sometimes con- 
nected to buffer and latch Chip Select inputs. “Read” 
enables buffers — “Write” enables latches, always in 
conjunction with other address decoders. 

Combined buffer and latch functions are found in bus 
transceivers. See Figure 16. When enabled, the state of the 
Read/Write line determines data direction. 


SN74LS245 


Figure 16. Octal Bus Transceiver 


Bus transceivers are sometimes referred to as “Tri- 
State” devices. When selected, a tri-state device will force 
it's outputs high or low without the aid of pull-up resistors 
— used for creating highs in cases where IC outputs are 
“open collector,” or uncommitted with respect to B +. When 
not selected, tri-state outputs float either direction in a high 
impedance condition. Low, High, and high impedance are 
the three states. Most logic functions are available in either 
open collector, which requires external pull-up resistors, or 
with internal pull-ups. 
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PERIPHERAL INTERFACE ADAPTERS (FIA) 

The MC66821 FIA is structured as two universal 93-bit, data 
ports with control and data direction registers to supervise 2ach 
oort.. . 

The functional configuration of the FIA is programmed by the 
Meu during system initialization. Each of the peripheral data lines 
can be programmed to act as an input or output, and each of the four 
control/interrupt lines may be programmed for one of several control 
modes. This allows a high degree of flexibility in the overall 
cperation of the interface. 


IRQA 38 40 CA! 
Interrupt Status 
trol 
Control A 39 CA2 


Control 
Register A 


00 33 
Oies2 Data Direction 
02 31 Register A 
(DORA 
03 30 
O4 29 Output Bus 
OS 28 
D6 27 cd dee! 
O7 26 SA ey 
Register [> 
(ORA) lah 
Peripheral 5 PA3 
Interface 
A 6 PAS 
7 PAS 
Bus Input 
Register S.C AS 
(BIR) 9 PA7 
Vv > Pin 20 
ee Sek 10 PBO 
' 
=° Output 11 PBl 
Register 8 [> 
(one) 12 PB2 
cso 22 Peripheral 13 PB3 
Interface 
cS1 24 B 14 PB4 
esz223 Chip 15 PB5 
Select 
R 36 
so ——— nt cases 16 PBE6E 
AS Jo. ———em RW 17 PB7 
R/W 21 . Control “ 
J 
Enable 25 # 
RESET 34 . 


Data Direction 
Register B 
(OORB) 


Control 
Register 8 
(CRB) 


18 CBI 
° Interrupt Status 
(ROB 37 eon trets 19 CB2 


Figure 19. MC6821 PIA Block Diagram 
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ASYNCHRONOUS COMMUNICATIONS INTERFACE ADAPTER (ACIA? 

This support device handles communication chores between the 
MPU and serial data links. The ACIA consist of four registers; 
transmit, rec€ive, control, and status. Selection of register pairs 
ls accomplished by a register select line, and discrimination 
between individual registers is controlled by the READ/NRITE 1 
The ACTA are sometimes used in conjunction with RS-2Z2 level 
shifters for communication with other devices. 


Transmit Glock 4 


Enable 14 


Read/Write 13 Chip 


Chip Select O 8 Select Transmit Transmit 
Chip Select 1 10 and Data Shift 6 Transmit Data 


Chip Select2 9 Cy Read/Write Register Register 


Register Select 11 Control 
Transmit 
Conus 24 Clear-to-Send 


Interrupt 
Logic 


Status 
Register 


7 Interrupt Request 


Data 
wad 23 Data Carrier Detect 


Buffers 

Register oe. 
Receive Parity 
Control Check 


5 Request-to-Send 


Vec= Pin 12 Receive Receive 


Data GES Shift 2 Receive Data 
Register Register 


Vss=Pin 1 


Receive Clock 3 


Figure 21. MC6850 ACIA Block Diagram 
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UNTVERSAL ASYCHRONCUS RECEIVERS/TRANSMITTER (UAR/T) 

q Similar to a ACIA, a UAR/T is a full duplex device which 
accepts binary charaters and receives/transmit this character with 
appended control and-error detecting bits. 


Start bit, 3 to 8 data bits, one or two stop bits, and either : 
Odd/even parity or no parity. In order to make the UAR/T universa 


the baud rate (up yo 4@ Kbit/sec), bits per datasword, oarity mede, 


and the number of stop bits are externally selectable. 


te Le 


All characters contain a 


FIGURE 1 
BLOCK DIAGRAM 


TRANSMITTER 
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8 BIT MULTIPLYING D/A CONVERTER 


GENERAL DESCRIPTION SIMPLIFIED SCHEMATIC 


FEATURES 

/ lithic multiplyin 
The SSS1508A/1408A are 8 Dit mono y 
Digital to Analog Converters consisting of a reference cur @ Improved Direct Replacement For MC 1508. MC1408 
eres. CLA ee erat aN AN eee ay @ 0.19%. Nonlinearity Max Over Temperature Ran 
switches For many applications, only 4 reference resistor . . ; oe 

Improvements 1 

nd reference voltage need be added 
es and processing techn:ques provide faster setthing @ Improved Settling Time 254 nsec. Typ 
times combined with lower power consumption while 
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retaining direct interchangeability with MC 1508. 1408 de On Petes EER COMUNIDUON rar eW Tye. 
vices 


@ Compatible With TTL, CMOS Logic 


yt into enght 
The R-2R ladder divides the reference curren 
binarily related components which are ted to the switches © Standard Supply Voltages 15 OV and -5 OV to -15V 
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eas Coacur 
least significant bit 15 
A remainder current equal to the 
always shunted to ground therefore the Maximum output @ Output Voltage Swing 0 5V to -5 0V 
current 1s 255/256 of the reference amplifier input current 
For example, a full scale output current of 1992 mA would @ High Speed Multiplying input ighe entice ee 
result from a reference input current of 2 OMA ete 
rqgnificantly omproved speed and appbeatems tes 
ty of applica For sign 
The SSS1508A/1408A 1s useful in a wide varie : peel Sea age 
a luding waveform synthesizers, digitally program ibility the users attention is directed to the OAC 08 
“ap Sin ttenuation blocks, CRT character gener Bbit HighSpeed Multiplying O & Converter data sheet Fur cent oes 
mable gain and a uati ; ee ee 
tion Ate digitizing and decoding, stepping motor drives, D'A converters which include preasion voltage cs ces 508A 
a iearsiatie power supplies and in building Tracking and on the chip please refer to the DACO2 ODAC and 
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